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(54) Liquid crystal display device with two display sections and radio reception apparatus 
provided with the same 



(57) The invention is directed to simultaneously 
implement display by using the first and second liquid 
crystal display sections (la, lb). While a voltage (1/2 
Vl) which is a half of a drive voltage Vl supplied from 
the second drive power supply (4) by the second liquid 
crystal driver (5) is taken as a virtual ground, a voltage 
(1/4 VJ resulting from positively and negatively dividing 
by 4 the drive voltage is applied to each of electrodes 
of the second liquid crystal display section (lb) defined 
in the liquid crystal display panel (1). In a selected wave- 
form, by applying a voltage which exceeds the satura- 
tion voltage of liquid crystals, to selected portions of the 



waveform, the liquid crystals ai-e turned on. In a non- 
selected waveform, such a voltage is not applied. In the 
second liquid crystal display section (1b). direct current 
component of the waveform of a signal supplied by the 
second liquid crystal driver (5) is cut off by the direct cur- 
rent cutoff circuit (6). To an output with the direct current 
component cut off. is added a bias voltage (1/2 Vh) gen- 
erated by the bias circuit (7). The resulting signal is 
applied to each of electrodes of the second liquid crystal 
display section (lb). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to a liquid crystal dis- 
play device and a radio reception apparatus provided 
with the same. 

u 

2. Description of the Related Art 

Hitherto two types of liquid crystal displays have 
been employed in liquid crystal display devices, which 
are the segment display type for displaying relatively is 
simple data such as preset characters and numerals, 
and the dot matrix display type for displaying relatively 
complex characters and symbols by turning on and off 
the intersecting points of X- and Y-axes as dots. The 
segment display is driven by applying a low drive volt- 20 
age, so that the duty ratio is low as well. By contrast, the 
dot matrix display involves a rather high duty ratio as 
well as a high drive voltage. 

A variety of reception apparatuses have been 
developed which are capable of receiving signals in fre- 25 
quency modulation (FM) multiplex broadcasting which 
transmits character information by exploiting the 
remaining frequencies other than the transmission fre- 
quencies dedicated to audio information in FM broad- 
casting; One of those radio reception apparatuses 30 
which can receive FM multiplex broadcasting is such an 
apparatus comprising a liquid crystal display device of 
dot matrix display type as a display for displaying char- 
acter information received in FM multiplex broadcasting. 

However, in the conventional liquid crystal display 3S 
devices, in which the drive voltage used for segment 
display and the drive voltage for dot matrix display are 
different from each other, when both segment display 
and dot matrix display are implemented with one and 
the same liquid crystal panel, the difference in drive volt- 4o 
age causes potential differences between electrodes 
which in turn cause positive and negative ions within the 
liquid crystals to adhere to the electrodes. As a result, a 
blackening/whitening phenomenon will occur, posing a 
problem of deteriorated display grade. For a solution of 45 
such a problem, if the drive voltage for the segment dis- 
play is adjusted to the drive voltage for the dot matrix 
display, the display density in the segment display would 
be increased by a difference in duty ratio, resulting in a 
problem of an increased contrast difference between so 
the segment display and the dot matrix display. To solve 
all these problems, it is necessary that the segment dis- 
play and the dot matrix display be implemented by dif- 
ferent liquid crystal panels correspondingly, or that a 
display section where the segment display is performed 55 
and a display section where the dot matrix display is 
performed are spaced to a large extent. In the former 
method, however, at least two liquid crystal panels 
would be involved so that the installation of liquid crystal 



panels would be restricted, in which case the equipment 
including these liquid crystal display devices would 
encounter problems in an equipment provided with such 
a liquid crystal device, such as deterioration in designa- 
bility. upsizing and increase in failure rate. In the latter 
method, because of the need of using a larger liquid 
crystal panel and the occurrence of areas where the 
display is disabled in the liquid crystal panel, there 
would occur problems in an equipment provided with 
such as a liquid crystal display device, such as a deteri- 
oration in designability and upsizing. 

In radio reception apparatus including the conven- 
tional liquid crystal display device, indeed character 
information received with a dot matrix display type liquid 
aystal display device during the reception of FM multi- 
plex broadcasting, but the dot matrix display, if executed 
during the reception of amplitude modulation (AM) 
broadcasting, would be accompanied by generation of 
noise due to the voltage waveform of the drive voltage 
applied to the relevant display section. Moreover, since 
the fundamental waves of the frequency band of the 
noise are distributed over a wide range as broad as 
about 16 kHz to 48 kHz, and since a high drive voltage 
is involved, the resulting noise is so high that AM broad- 
casting using the frequency band of about 522 kHz to 
1622 kHz would be greatly affected. Therefore, in this 
case, there is a problem that the dot matrix display can- 
not be executed while AM broadcasting is being 
received. Due to this, in the radio reception apparatus 
capable of receiving both FM multiplex broadcasting 
and AM broadcasting, the liquid crystal display device 
incorporated in the radio reception apparatus can be 
used only either during the reception of FM multiplex 
broadcasting or during the reception of FM broadcast- 
ing, such that effective use of the liquid crystal display 
device cannot be made. Actually, whereas frequency 
adjustment as well as recognition of the current broad- 
casting channel under reception can be readily accom- 
plished by displaying the frequency band of current 
reception onto the liquid aystal display during the 
reception of FM multiplex broadcasting (FM broadcast- 
ing), the liquid crystal display cannot be used during the 
reception of AM broadcasting. Accordingly, a display 
section for adjustment needs to be provided independ- 
ently, which would cause problems such as increase in 
size and deterioration in designability of an equipment 
provided with such a liquid crystal display device. 

SUMMARY OF THE INVENTION 

Hence an object of the invention is to provide a liq- 
uid crystal display device capable of simultaneously 
performing display using a first display section and dis- 
play using a second display section with one and the 
same liquid crystal panel, and to provide a radio recep- 
tion apparatus provided with the liquid crystal display 
device, capable of executing display using the liquid 
crystal display device during reception of AM broadcast- 
ing. 
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The present invention provides a liquid crystal dis- 
play device comprising: 

a single liquid crystal panel in which a first liquid 
crystal display section which is driven by applying a 
first drive signal having a predetermined first maxi- 
mum amplitude Vh and a second liquid crystal dis- 
play section which is driven by applying a second 
drive signal having a predetermined second maxi- 
mum amplitude Vl smaller than the predetermined 
first maximum amplitude are integrated, 
bias voltage adding means for adding a bias volt- 
age to the second drive signal applied to the sec- 
ond liquid crystal display section. 

According to the invention, since a bias voltage 
derived from the bias voltage adding means is added to 
the second drive signal applied to the second liquid 
crystal display section, there will occur no potential dif- 
ferences between the electrodes of the first liquid crys- 
tal display section and the electrodes of the second 
liquid crystal display section. Thus, even when the first 
liquid aystal display section and the second liquid crys- 
tal display section which are integrated in the liquid 
crystal pane! without being spaced apart from each 
other and are driven by different voltages from each 
other are simultaneously driven, the occurrence of the 
blackening/whitening phenomenon is prevented. 

The invention is also characterized in that the liquid 
crystal display device further comprises: 

direct current cutoff means for cutting off a direct 
current component of the second drive signal 
applied to the second liquid crystal display section. 

wherein the bias voltage adding means adds as 
a bias voltage a voltage of about a half of the maximum 
amplitude Vh of the first drive signal applied to the first 
liquid crystal display section to a signal wherein a direct 
current component has been cut off by the direct current 
cutoff means . 

According to the invention, the direct current com- 
ponent of the second drive signal applied to the second 
liquid crystal display section is cut off by the direct cur- 
rent cutoff means, while a voltage of about a half of the 
maximum amplitude Vh of the first drive signal applied 
to the first liquid crystal display section is generated by 
the bias voltage adding means, which is added as a 
bias voltage to the signal in which the direct cun-ent 
component was cut off by the direct current cutoff 
means. The second liquid crystal display section is 
driven by the resulting signal, and accordingly there will 
occur no potential differences between the electrodes of 
the first liquid crystal display section and tiie electrodes 
of the second liquid crystal display section. Accordingly, 
when the first liquid crystal display section and the sec- 
ond liquid crystal display section which are integrated in 
the liquid crystal panel without being spaced apart from 
each other and are driven by different voltages from 



each other are simultaneously driven, the occurrence of 
the blackening/whitening phenomenon is prevented. 

The invention is also characterized in that the first 
liquid crystal display section performs dot matrix display 

s and the second liquid crystal display section performs 
segment display. 

According to the invention, since the bias voltage 
derived from the bias voltage adding means is added to 
the second drive signal applied to the second liquid 

10 crystal display section which performs segment display, 
there will occur no potential differences between the 
electrodes of the first liquid crystal display section which 
performs dot matrix display and the electrodes of the 
second liquid crystal display section. Accordingly, when 

IS the first liquid crystal display section and tiie second liq- 
uid crystal display section which are integrated in the 
liquid crystal panel without being spaced apart from 
each other and are driven by different drive voltages 
from each other are simultaneously driven, the occur- 

20 rence of the blackening/whitening phenomenon can be 
prevented. 

As described above, according to the invention, in 
the liquid crystal panel in which the first liquid crystal 
display section which is driven by a higher drive voltage. 

25 and the second liquid crystal display section which is 
driven by a lower drive voltage are integratedly formed 
without being spaced apart from each other, the occur- 
rence of blackening/whitening phenomenon in simulta- 
neously driving the first and second liquid crystal 

30 display sections can be prevented. Accordingly, liquid 
crystal display sections which differ in drive voltage 
(duty ratio) can be formed in a relatively small single liq- 
uid crystal display panel. As a result, the equipment on 
which such a liquid crystal display device is mounted 

35 can be improved in designability and reduced in size. 

The invention also provides a radio reception appa- 
ratus provided with the liquid crystal display device as 
described above, the radio reception apparatus com- 
prising: 

40 

frequency modulation multiplex signal reception 
means for receiving frequency modulation multiplex 
signals in which audio information and charac- 
ter/graphic or other information are multipleced; 

45 and 

control means for. upon reception of an FM multi- 
plex signal by the FM multiplex signal reception 
means, controlling the liquid crystal display device 
to thereby enable the first liquid crystal display sec- 

50 tion to execute display, whereby the charac- 
ter/graphic or otiner information received by the FM 
multiplex signal reception means is displayed on 
the first liquid crystal display section while a recep- 
tion band name, a reception frequency band, or the 

55 like are displayed on the second liquid crystal dis- 
play section. 

According to the invention, when an FM multiplex 
signal is received by the FM multiplex signal reception 
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means, the control means controls the liquid crystal dis- 
play device so that character/graphic or other informa- 
tion received by the FM multiplex signal reception 
means is displayed onto the first liquid crystal display 
section which is driven by a high-potential voltage being 5 
applied thereto. Thus, the character/graphic or other 
information transmitted by FM multiplex broadcasting 
can be displayed correctly in details. 

As described above, according to the invention, 
irtformation necessary for the reception of FM broad- 10 
casting such as reception band and reception frequency 
is displayed on the second liquid crystal display section 
of a low duty ratio (drive voltage), defined in the liquid 
crystal display panel, while character information 
received during the reception of an FM multiplex signal 
is displayed on the first liquid crystal display section of a 
high duty ratio (drive voltage), defined in the liquid crys- 
tal display panel. Therefore, the display of information 
necessary for the reception of FM broadcasting (opera- 
tion of selecting a station, and the like) is executed with 
low power, and yet the character information received 
during the reception of the FM multiplex signal can be 
displayed on the liquid crystal display panel with clear 
characters. 

The invention is also characterized in that the radio 
reception apparatus provided with a liquid crystal dis- 
play device further comprises operation means for giv- 
ing an instruction for display of character/graphic or 
other information, wherein 

when an Instruction for the display of charac- 
ter/graphic or other information has been effected by the 
operation means, the control means controls the liquid 
crystal display device to enable the first liquid crystal 
display section to execute display so that the charac- 
ter/graphic or other information received by the FM mul- 
tiplex signal reception means is displayed on the first 
liquid crystal display section, and when no instruction 
for display of character/graphic or other information is 
effected by the operation means, the control means 
controls the liquid aystal display device to halt applica- 
tion of a voltage to the first liquid crystal display section 
so that only the second liquid crystal display section is 
enabled to execute display 

According to the Invention, when an instruction for 
display of character/graphic or other information is 
effected by the control means, the control means com- 
pels the first liquid crystal display section, which is 
driven by a high-potential voltage being applied thereto, 
to display the character/graphic or other information 
received by the FM multiplex signal reception means. 
When no Instruction for display of character/graphic or 
other information is effected by the operation means, 
the control means controls the liquid crystal display 
device to halt application of the high-potential voltage to 
the first liquid crystal display section so that information 
necessary for the reception of FM broadcasting (recep- 
tion band, reception frequency and the like) is displayed 
on the second liquid crystal display section which is 
driven by a low-potential voltage being applied thereto. 



Therefore, character/graphic or other Information trans- 
mitted by the FM multiplex broadcasting with an opera- 
tion of the user can be displayed correctly in details. 
Moreover, while wasteful power consumption due to the 
driving of the first liquid crystal display section Is pre- 
vented, information necessary for the reception of FM 
broadcasting can be displayed. 

As seen above, according to the invention, informa- 
tion necessary for the reception of FM broadcasting 
such as reception band and reception frequency can be 
displayed on the second liquid crystal display section of 
a lower duty ratio (drive voltage), defined in the liquid 
crystal display panel, while the user is allowed to select 
the presence or absence of the display of character 
IS information (FM multiplex data) on the first liquid crystal 
display section defined in the liquid crystal display 
panel. Therefore, the display of information necessary 
for reception of FM broadcasting (operation of selecting 
a station, and the like) is executed with low power, and 
20 yet unnecessary character information which the user 
does not desire can be prevented from being displayed. 
Thus, the power consumed for the equipment is saved 
by suppressing the power consumption for driving the 
first liquid crystal display section, and additionally the 
25 FM broadcasting can be received reliably. 

The Invention is also characterized in that the radio 
reception apparatus provided with a liquid crystal dis- 
play device further conprises an amplitude modulation 
signal reception means for receiving an AM signal. 
30 wherein 

upon reception of an amplitude modulation sig- 
nal by the amplitude modulation signal reception 
means, the control means controls the liquid crystal dis- 
play device to halt application of a voltage to the first llq- 
35 uid crystal display section so that only the second liquid 
crystal display section is enabled to execute display. 

According to the Invention, when an FM multiplex 
signal is received by the FM multiplex signal reception 
means, the control means controls the liquid crystal dis- 
40 play device so that the character/graphic or other infor- 
mation received by the FM multiplex signal reception 
means is displayed on the first liquid crystal display sec- 
tion which is driven by a high-voltage being applied 
thereto. When an AM signal is received by the AM sig- 
45 nal reception means, the control means controls the liq- 
uid crystal display device to halt the application of a 
high-potential voltage to the first liquid crystal display 
section so that information necessary for reception of 
AM broadcasting is displayed on the second liquid crys- 
50 tal display section which is driven by a low-potential volt- 
age being applied thereto. Therefore, during the 
reception of an FM signal, character/graphic or other 
information transmitted by the FM multiplex signal can 
be displayed correctly in details on the first liquid crystal 
55 display section. During the reception of an AM signal, 
since the first liquid crystal display section Is kept out of 
display, the possibility that the AM signal can no longer 
be received because of noise due to the driving of the 
first liquid crystal display section can be avoided. Infor- 
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mation necessary for the reception of an AM signal can 
be displayed on the second liquid crystal display sec- 
tion. 

The invention is also characterized in that the radio 
reception apparatus provided with the liquid crystal dis- s 
play device further comprises: 

amplitude modulation signal reception means for 
receiving an amplitude modulation signal; and 
control means for, upon reception of an amplitude 10 
modulation signal by the amplitude modulation sig- 
nal reception means, controlling the liquid crystal 
display device to halt the application of a voltage to 
the first liquid crystal display section so that only the 
second liquid crystal display section is enabled to is 
execute display, while a reception band name, a 
reception frequency band, or the like are displayed 
on the second liquid crystal display section. 

According to the invention, when an AM signal is 20 
received by the AM signal reception means, the control 
means controls the liquid crystal display device to halt 
the application of a high-potential voltage to the first liq- 
uid crystal display section so that information necessary 
for the reception of an AM signal is displayed on the 25 
secortd liquid crystal display section which is driven by a 
low-potential voltage being applied thereto. Therefore, 
while the possibility that the AM signal can no longer be 
received because of noise due to the driving of the first 
liquid crystal display section can be avoided. Informa- 30 
tion necessary for the reception of AM broadcasting can 
be displayed. 

As described above, according to the invention, 
information necessary for the reception of AM broad- 
casting such as reception band and reception frequency 3S 
is displayed on the second liquid crystal display section 
of a low duty ratio (drive voltage), defined in the liquid 
crystal display panel, while the driving of the first liquid 
crystal display section of a higher duty ratio (drive volt- 
age), defined in the liquid crystal display panel is halted 40 
during the reception of AM broadcasting. Therefore, the 
display of information necessary for the reception of AM 
broadcasting (operation of selecting a station, and the 
like) is executed with low power, and yet the possibility 
that the AM broadcasting can no longer be received 45 
because of noise due to the driving of the first liquid 
crystal display section can be avoided. Thus, the power 
consumed for the equipment is saved by suppressing 
the power consumption for driving the first liquid crystal 
display section, and additionally the FM broadcasting so 
can be received reliably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, features, and advan- 55 
tages of the invention will be more explicit from the fol- 
lowing detailed description taken with reference to the 
drawings wherein: 



Fig. 1 is a schematic functional block diagram 
showing the electrical arrangement of a liquid crys- 
tal display device of an embodiment of the inven- 
tion; 

Figs. 2A and 2B are diagrams showing drive volt- 
age waveforms of a first liquid crystal display sec- 
tion in the liquid crystal display device; 
Figs. 3A and 3B are diagrams showing drive volt- 
age waveforms of a second liquid crystal display 
section in the liquid crystal display device; 
Fig. 4 is a plan view showing the structure of a liquid 
crystal panel in the liquid crystal display device; 
Fig. 5 is a schematic functional block diagram 
showing the electrical arrangement of, a radio 
reception apparatus provided with the liquid crystal 
display device; and 

Rgs. 6A to 6C are plan views showing display 
examples in the radio reception apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now referring to the drawings, preferred embodi- 
ments of the invention are described belo\A/: 

Fig. 1 is a schematic functional block diagram 
showing the electrical arrangement of a liquid crystal 
display device of an embodiment of the present inven- 
tion. Figs. 2A and 2B show selected and non-selected 
waveforms of a drive voltage waveform of a first liquid 
crystal display section in the liquid crystal display 
device, respectively. Figs. 3A and 38 show selected and 
non-selected waveforms of a drive voltage waveform of 
a second liquid crystal display section in the liquid crys- 
tal display device, respectively. Fig. 4 is a plan view 
showing the arrangement of a liquid crystal display 
panel in the liquid crystal display device. 

Fig. 5 is a schematic functional l>iock diagram 
showing the electrical arrangement of a radio reception 
apparatus provided with the liquid crystal display 
device. Fig. 6A is a plan view showing a display exam- 
ple of the liquid crystal display device in the state of the 
radio reception apparatus that character information 
display is not performed during reception of FM multi- 
plex broadcasting, Fig. 68 is a plan view showing a dis- 
play example of the liquid crystal display device in the 
state of the radio reception apparatus that character 
information display is performed during reception of FM 
multiplex broadcasting, and Fig. 6C is a plan view show- 
ing a display example of the liquid crystal display device 
during reception of AM broadcasting. 

The liquid crystal display device is first described 
with reference to Figs. 1. 2A, 28, 3A and 38. 

Referring to Fig. 1 , a reference numeral 1 denotes 
a liquid crystal display panel comprising a first liquid 
crystal display section la for implementing display with 
a high voltage applied, and a second liquid crystal dis- 
play section lb for implementing display with a voltage 
lower than the voltage applied to the first liquid crystal 
display section la. the first liquid crystal display section 
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1a and the second liquid crystal display section lb 
being integratedly formed. The first liquid crystal display 
section 1a is designed for dot matrix display, having a 
duty ratio of 1/68 and an optimum bias of 1/9. The sec- 
ond liquid crystal display section lb is designed for seg- 
ment display, having a duty ratio of 1/4 and an optimum 
bias of 1/2. 

A reference numeral 2 denotes a first drive power 
supply for supplying a drive voltage Vh (about 9.5 V) for 
driving the first liquid crystal display section 1a formed 
in the liquid crystal display panel 1 . A reference numeral 
3 denotes a first liquid crystal driver for driving the dis- 
play in the first liquid crystal display section 1 a formed in 
the liquid crystal display panel 1 on the basis of the 
power supplied from the first drive power supply 2. A ref- 
erence numeral 4 denotes a second drive power supply 
for supplying a drive voltage Vl (about 2.5 V) for driving 
the second liquid crystal display section lb formed in 
the liquid crystal display panel 1 . A reference numeral 5 
denotes a second liquid crystal driver for driving the dis- 
play in the second liquid crystal display section lb 
formed in the liquid crystal display panel 1 on the basis 
of the power supplied from the second drive power sup- 
ply 4. 

A reference numeral 6 denotes a direct current cut- 
off circuit for cutting off a direct current component of an 
output signal derived from the second liquid crystal 
driver 5. A reference numeral 7 denotes a bias circuit 7 
for generating a bias voltage on the basis of the drive 
voltage Vh derived from the first drive power supply 2. 
The generated bias voltage is applied to the output of 
the direct current cutoff circuit 6. 

A reference numeral 8 denotes a control unit 8 for 
controlling a drive power supplied from the first drive 
power supply 2 on the basis of an instruction from exter- 
nal, as well as for controlling the display of the liquid 
crystal display panel 1 by transmitting display data to 
the first liquid crystal driver 3 and the second liquid crys- 
tal driver 5. 

The liquid crystal display panel 1 is. for example, so 
constructed that a liquid crystal layer is sandwiched 
between a pair of substrates at least one of which has 
light transmitting property, and display electrodes are 
arranged on one side of each light transmitting sub- 
strate, confronting the liquid crystal layer. In addition, an 
orientation film which covers the electrodes may be 
formed. In the first liquid crystal display section la. 
which implements the dot matrix display, the display 
electrodes of the display section la are formed into 
strips, and arranged in such a manner that the elec- 
trodes on one substrate are perpendicular to the elec- 
trodes on the other substrate. In the second liquid 
crystal display section lb, which implements the seg- 
ment display, the display electrodes of the display sec- 
tion lb are formed in such a manner that the electrodes 
on either one of the substrates are formed into seg- 
ments, while the electrodes on the other substrate are 
formed over the nearly entire surface of the substrate. 
In the liquid crystal display device constructed as 



described above, as shown in Figs. 2A and 2B. a volt- 
age {^f2 Vh. about 4.75 V) which is a half of the drive 
voltage Vh supplied from the first drive power supply 2 
by the first liquid crystal driver 3 is taken as a virtual 
5 ground GNDV1 , and a signal of a voltage (1/9 Vh, about 
1.06 V) which results from positively and negatively 
dividing by 9 the drive voltage Vh is applied to the elec- 
trodes of the first liquid crystal display section la 
defined in the liquid crystal display panel 1. In the 
10 selected waveform shown in Fig. 2A. by applying a sig- 
nal of a voltage (Vh / about 9.5 V) which exceeds the 
saturation voltage of liquid crystals in the selected por- 
tions, to the electrodes of the first liquid crystal display 
section la, the liquid crystals are turned on. that is. the 
15 liquid crystal molecules are oriented along the electric 
field direction. Meanwhile, in the non-selected wave- 
form shown in Fig, 2B. a signal of a voltage (8/9 Vh, 
about 8.44 V) which does not exceed the saturation volt- 
age of liquid crystals is applied to the electrodes of the 
20 first liquid crystal display section la. 

That is, by applying a first drive signal whose maxi- 
mum amplitude is the voltage Vh to the first liquid crys- 
tal display section 1a. the first liquid crystal display 
section la is driven. 
25 To the second liquid crystal display section lb 
defined in the liquid crystal display panel 1 are applied 
the following signals. As shown in Figs. 3A and 3B. a 
voltage (1/2 VJ which is a half of the drive voltage Vl 
supplied from the second drive power supply 4 by the 
30 second liquid crystal driver 5 is taken as a virtual ground 
GNDV2. and a signal of a voltage (1/4 VJ which results 
from positively and negatively dividing by 4 the drive 
voltage Vl is applied to the electrodes of the second liq- 
uid aystal display section lb. In the selected waveform 
35 shown in Fig. 3A, by applying a signal of a voltage (VJ 
which exceeds the saturation voltage of liquid crystals in 
selected portions to the electrodes of the second liquid 
crystal display section 1b, the liquid crystals are turned 
on. Meanwhile, in the non-selected waveform shown in 
40 Fig. 3B. a signal of such a voltage (VJ is not outputted. 
That is. a second drive signal whose maximum 
amplitude Is the voltage Vl is outputted from the second 
liquid crystal driver 5. 

Further, a direct current component of the signal 
45 outputted from the second liquid crystal driver 5 is cut 
off by the direct current cutoff circuit 6. A bias voltage 
(1/2 Vh, about 4.75 V) generated by the bias circuit 7 is 
added to the signal whose direct current component has 
been cut off. and then applied to the electrodes of the 
so second liquid crystal display section lb. 

Assuming that the bias voltage generated by the 
bias circuit 7 is a half voltage of the voltage Vh. by 
applying a signal as shown in Figs. 3A and 3B. where 
the virtual ground GNDV2 is 1/2 Vh. to the second liquid 
55 crystal display section lb. the second liquid crystal dis- 
play section 1b is driven. 

Accordingly, even when the first liquid crystal dis- 
play section 1a and the second liquid crystal display 
section lb defined in the liquid crystal display panel 1 
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are driven simultaneously, the potentials of the drive 
voltages applied to the electrodes of the first and sec- 
ond liquid crystal display sections 1a and lb are nearly 
equal, so that the blackening/whitening phenomenon 
due to the deposition of positive and negative ions 5 
within liquid crystals which would result from potential 
differences between the first and second liquid crystal 
display section can be prevented. Moreover, since the 
potential difference between the first and second liquid 
crystal display sections has been eliminated by elevat- 10 
ing the potential of the virtual ground voltage, the occur- 
rence of contrast difference due to differences in the 
number of pixels thrown into display (duty ratio) can be 
prevented. 

For the driving of only either the first liquid crystal is 
display section la or the second liquid crystal display 
section lb, shutting off the power supply for the liquid 
crystal display section which Is not driven allows only 
one of these two sections to be displayed without affect- 
ing the electrodes of the non-driven side liquid crystal 20 
display section. 

Next, a radio reception apparatus provided with the 
liquid crystal display device as described above is 
described with reference to Figs. 4, 5, 6A, 6B and 6C. 

In Fig. 5, like reference numerals are given like ele- 25 
ments in conjunction with Fig. 1. 

Referring to Fig. 5» a reference numeral 1 1 denoted 
an AM/FM tuner for receiving both AM and FM broad- 
casting, audio information transmitted in an AM or FM 
broadcast is signal-processed by an audio processing 30 
circuit (not shown) and then reproduced by. for example, 
a loudspeaker (not shown). A reference numeral 12 
denotes an FM multiplex decoder for decoding FM mul- 
tiplex data (character information) contained in the FM 
multiplex broadcast received by the AM/FM tuner 1 1 . A 35 
reference numeral 13 denotes a CG-ROM for prepara- 
torily storing kanjis (Chinese characters) or other kinds 
of characters and the like for displaying display data cor- 
responding to information decoded by the FM multiplex 
decoder 12, A reference numeral 14 denotes a RAM for 40 
storing information decoded by the decoder 12 as well 
as unique broadcasting station name data and fre- 
quency data in one-to-one correspondence. A refer- 
ence numeral 15 denotes an operation input section 
which is used to make a choice between AM and FM, a 45 
choice of a broadcasting station to be received, and a 
choice between the presence and absence of character 
information display. A reference numeral 16 denotes a 
control unit for controlling the changeover between AM 
and FM by the AM/FM tuner 1 1 according to a selection so 
instruction via the operation input section 15, the prepa- 
ration of display data by the use of the CQ-ROM 13 and 
the RAM 14, and the station selection by the AM/FM 
tuner 1 1 on the basis of the broadcasting station name 
data and frequency data stored in the RAM 1 4. The con- ss 
trol unit 16 also performs control operations similar to 
those performed by a control unit provided in the liquid 
crystal display device. 

In the liquid crystal display panel 1 , as shown in Fig. 



4. are defined the first liquid crystal display section 1a 
for displaying character data received in the FM multi- 
plex broadcasting by way of the dot matrix display, and 
the second liquid crystal display section lb for imple- 
menting the display of preset AM/FM broadcasting 
bands and a received frequency by way of the segment 
display. 

With regard to the radio reception apparatus pro- 
vided with the liquid crystal display device constructed 
as described above, its operational control for reception 
of FM multiplex broadcasting is first explained. 

With power on. when the user operates the opera- 
tion input section 15 to give an instruction for reception 
of FM broadcasting (FM multiplex broadcasting) and 
choice a desired station, the control unit 16 controls the 
RAM 14 to read the previously stored station name data 
and frequency data, and further controls the AM/FM 
tuner 1 1 on the basis of the read data to receive the 
broadcasting station which the user desires. 

The control unit 16 transmits display data repre- 
senting the reception of FM broadcasting and display 
data representing a reception frequency, to the second 
liquid crystal driver 5 on the basis of the instruction for 
reception of FM broadcasting and the instruction for 
choice of a station by the operation input section 15. 
The second liquid crystal driver 5 generates a drive sig* 
nal for driving the second liquid crystal display section 
1 b defined in the liquid crystal display panel 1 according 
to the display data by using tiie drive voltage Vl derived 
from the second drive power supply 4. The direct cur- 
rent component of the drive signal is cut off by tiie direct 
current cutoff circuit 6. The bias circuit 7 is supplied witii 
the drive voltage Vh from the first drive power supply 2 
and outputs, as a bias voltage, a voltage which is a half 
of the drive voltage Vh- The bias voltage is applied to 
the drive signal derived from the second liquid crystal 
driver 5, of which the direct current component has 
been cut off by the direct current cutoff circuit 6. By sup- 
plying the drive signal, to which tiie bias voltage has 
been applied, to the second liquid crystal display sec- 
tion lb defined in the liquid crystal display panel 1. ttie 
second liquid crystal display section lb defined in the 
liquid crystal display panel 1 is driven. As a result, data 
of FM reception frequencies and ti^e like are displayed 
on tiie liquid crystal display panel 1 as shown in Fig. 6A, 

In the case where teletext (character information 
broadcasting) is multiplexed in the received FM broad- 
casting. FM multiplexed data multiplexed in the FM mul- 
tiplexed is received by the AM/FM tuner 1 1 and decoded 
by the FM multiplex decoder 1 2, and then fed to the con- 
trol unit 16. The confol unit 16 confirms the reception of 
the teletext, and resultantiy stores the character infor- 
mation decoded by the FM multiplex decoder 12 into a 
specified region of the RAM 14. The control unit 16 also 
effectuates the display representing that tiie FM teletext 
is being received, in the second liquid crystal display 
section lb defined in the liquid crystal display panel 1 , 
through operational control similar to the foregoing. 

When the user operates the operation input section 
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1 5 on the basis of the display In the second liquid crystal menu screen is displayed in the first liquid crystal dis- 

display section lb representing that the FM broadcast- play section 1a upon the reception of FM multiplex 

ing is being received to make an instruction for display broadcasting, where character information display in the 

of character information received by the teletext, the first liquid crystal display section la will be halted by a 

control unit 16 analyzes the character information 5 user operation subsequent to the display, 

stored in the RAM 14 to prepare document data. The Next the operational control for the reception of AM 

control unit 1 6 makes the prepared document data into broadcasting is explained. 

display data composed of kanjis and other kinds of With power on, when the user operates the opera- 
characters on the basis of the kanjis and other charac- tlon input section 15 to give an instruction for the recep- 
ters stored in the CG-ROM 13, transmitting the display 10 tlon of AM broadcasting or television broadcasting and 
data to the first liquid crystal driver 3. By the display data choice a desired station, the control unit 1 6 controls the 
being given, the first liquid crystal driver 3 generates a ram 1 4 to read the previously stored station name data 
drive signal for driving the first liquid crystal display sec- and frequency data, and further controls the AM/FM 
tlon la defined in the liquid crystal display panel 1 on tuner 11 on the basis of the read data to receive the 
the basis of the drive voltage Vh derived from the first 15 broadcasting station which the user desires, 
drive power supply 2, and feeds the drive signal to the The control unit 16 transmits display data repre- 
first liquid aystal display section 1a. As a result, the first senting the reception of AM broadcasting and display 
liquid crystal display section 1a defined in the liquid data representing a reception frequency, to the second 
crystal display panel 1 1s driven so that character display liquid crystal driver 5 on the basis of the instruction for 
as shown in Fig. 6B is executed on the liquid crystal dis- 20 reception of AM broadcasting and the instruction for 
play panel 1 in addition to the display of reception fre- choice of a station by the operation input section 15. 
quency Moreover, the control unit 16 controls the first drive 
When no instruction for the display of character power supply 2 to apply the drive voltage Vh to the bias 
information is given by the operation input section 15 circuit 7. As a result of this control, the second liquid 
regardless of the fact that the display representing that 25 crystal driver 5 generates a drive signal for driving the 
FM character broadcasting is being received is exe- second liquid crystal display section lb defined in the 
cuted in the second liquid crystal display section lb. the liquid crystal display panel 1 on the basis of the drive 
control unit 16 will not apply to the first liquid crystal voltage derived from the second drive power supply 
driver 3 the document data prepared in correspondence 4. The direct current component of the drive signal is cut 
to the character information stored in the RAM 14, but 30 off by the direct current cutoff circuit 6. Meanwhile, a 
put the first liquid crystal driver 3 into a halt. Then the voltage resulting from halving the drive voltage Vh 
first liquid crystal driver 3 stops generating such drive derived from the first drive power supply 2 is applied by 
waveforms (selected waveform/non-selected waveform) the bias circuit 7 to the drive signal derived from the see- 
as shown in Figs. 2A and 28. based on the drive voltage end liquid crystal driver 5, of which the direct current 
Vh derived from the first drive power supply 2. As a 35 component has been cut off by the direct cunrertt cutoff 
result, nothing is displayed on the first liquid crystal dis- circuit 6. By supplying the drive signal, to which the bias 
play section la defined in the liquid crystal display panel voltage has been applied, to the second liquid crystal 
1. display section lb defined in the liquid crystal display 
Therefore, according to the operational confol as panel 1, the second liquid crystal display section 1b 
described above, the display of reception band such as 40 defined in the liquid crystal display panel 1 is driven. As 
AM and FM as well as the display of reception fre- a result, data of AM reception frequency is displayed on 
quency can be implemented in the second liquid crystal tiie liquid crystal display panel 1 as shown in Fig. 6C. 
display section 1b. while the display of character infer- During the reception of AM broadcasting, when the 
mation received by FM multiplex broadcasting can be control unit 16 does not provide to the first liquid aystal 
implemented in \he first liquid crystal display section 1 a. 45 driver 3 witii display data, but puts the first liquid crystal 
Moreover, tiie user is allowed to select the presence or driver 3 into a halt, the first liquid crystal driver 3 stops 
absence of character information display in tine first liq- generating such drive waveforms (selected wave- 
uid crystal display section 1a. Thus, any unnecessary form/non-selected waveform) as shown in Figs. 2A and 
display in the liquid crystal display panel 1 can be pre- 2B.. based on the drive voltage Vh derived from the first 
vented. so drive power supply 2. As a result, nothing is displayed 
In this embodiment, it has been arranged that dur- on the first liquid crystal display section 1 a defined in the 
ing the reception of FM multiplex broadcasting, the dis- liquid crystal display panel 1 . 

play representing that FM multiplex broadcasting is Therefore, according to the operational control as 
being received is executed in the second liquid crystal described above, since the first liquid crystal display 
display section lb. where based on this display, the user ss section la is not driven during the reception of AM 
is allowed to confirm the presence or absence of the broadcasting, such drive waveforms (selected wave- 
character information display through the operation by fbrm/non-selected waveform) as shown in Figs, 2A and 
the user. However, the invention being not limited to this 28 are not generated, so that noise due to the genera- 
arrangement, it is also possible, for example, that a tion of these drive waveforms is prevented from being 
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generated. As a result, AM broadcasting can be 
received reliably and correctly. Also, since the display of 
reception bands such as AM and FM as well as the dis- 
play of reception frequency are executed in the second 
liquid crystal display section 1b which is low in duty 
ratio, the operation of choosing an AM broadcasting sta- 
tion (frequency adjustment) can be easily accomplished 
without affecting the reception of AM broadcasting. 

In this embodiment, the display in the second liquid 
crystal display section 1b defined in the liquid crystal 
display panel 1 has been implemented by segment dis- 
play. However, the invention being not limited to this 
arrangement, for example, dot matrix which is small in 
the number of pixels (low in duty ratio) may be used, in 
which case the duty ratio of the second liquid crystal 
display section lb may appropriately be set to such a 
value that noise generated when the second liquid crys- 
tal display section lb is driven will be enough smaller 
than the reception frequency band of AM broadcasting. 

In addition, the direct current cutoff circuit 6 can be 
implemented by a high-pass filter comprising a resistor 
and a capacitor. Otherwise, the direct curent cutoff cir- 
cuit 6 may be implemented by a transformer. 

The bias circuit 7 can be implemented by using a 
resistor and a transistor in the bias method or self-bias 
method or the like. 

The bias voltage, which has been given as one half 
of the voltage Vh in this embodiment, may be approxi- 
mately 1/2 Vh without being limited to 1/2 Vh- 

The invention may be embodied in other specific 
forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiments are there- 
fore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing 
description and all changes which come within the 
meaning and the range of equivalency of the claims are 
therefore intended to be embraced therein. 
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direct current cutoff means (6) for cutting off a 
direct cun-ent component of the second drive 
signal applied to the second liquid crystal dis- 
play section (lb), 

wherein the bias voltage adding means (7) 
adds as a bias voltage a voltage of about a half of 
the maximum amplitude Vh of the first drive signal 
applied to the first liquid crystal display section (1a) 
to a signal wherein a direct current conponent has 
been cut off by the direct current cutoff means (6). 

The liquid crystal display device of claim 2, wherein 
the first liquid crystal display section (1a) performs 
dot matrix display and the second liquid crystal dis- 
play section (lb) performs segment display. 

A radio reception apparatus provided with the liquid 
crystal display device of any one of claims 1 to 3. 
the radio reception apparatus comprising: 

frequency modulation multiplex signal recep- 
tion means (11) for receiving frequency modu- 
lation multiplex signals in which audio 
information and character/graphic or other 
information are multiplexed; and 
control means (16) for. upon reception of an 
FM multiplex signal by the FM multiplex signal 
reception means (11), controlling the liquid 
crystal display device to thereby enable the first 
liquid crystal display section (la) to execute 
display, whereby the character/graphic or other 
information received by the FM multiplex signal 
reception means (11) is displayed on the first 
liquid crystal display section (la) while a recep- 
tion band name, a reception frequency band, or 
the like are displayed on the second liquid crys- 
tal display section (lb). 



Claims 



1 . A liquid crystal display device comprising : 



40 5. The radio reception apparatus provided with a liq- 
uid crystal display device of claim 4. the radio 
reception apparatus further comprising: 



2. 



a single liquid crystal panel (1) in which a first 
liquid crystal display section (la) which is 45 
driven by applying a first drive signal having a 
predetermined first maximum amplitude Vh 
and a second liquid crystal display section (lb) 
which is driven by applying a second drive sig- 
nal having a predetermined second maximum so 
amplitude Vl smaller than the predetermined 
first maximum amplitude Vh are integrated, 
bias voltage adding means (7) for adding a bias 
voltage to the second drive signal applied to 
the second liquid crystal display section (lb). ss 

The liquid crystal display device of claim 1 , the liq- 
uid aystal display device further comprising: 



operation means (15) for giving an Instruction 
for display of character/graphic or other infor- 
mation. 

wherein, when an instruction for the display 
of character/graphic or other information has been 
effected by the operation means (15). the control 
means (1 6) controls the liquid crystal display device 
to enable the first liquid crystal display section (la) 
to execute display so that the character/greiphic or 
other Information received by the FM multiplex sig- 
nal reception means (11) is displayed on the first 
liquid crystal display section (la), and 

when no instruction for display of charac- 
ter/graphic or other information is effected by the 
operation means (15). the control means (16) con- 
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trols the liquid crystal display device to halt applica- 
tion of a voltage to the first liquid crystal display 
section (1a) so that only the second liquid crystal 
display section (1b) is enabled to execute display. 

5 

The radio reception apparatus provided with a liq- 
uid crystal display device of claim 4 or 5, the radio 
reception apparatus further comprising: 

an amplitude modulation signal reception io 
means (1 1) for receiving an AM signal. 

wherein upon reception of an amplitude 
modulation signal by the amplitude modulation sig- 
nal reception means (11). the control means (16) is 
conti'ols the liquid crystal display device to halt 
application of a voltage to the first liquid crystal dis- 
play section (1a) so that only the second liquid crys- 
tal display section (lb) is enabled to execute 
display. 20 

A radio reception apparatus provided with the liquid 
crystal display device of any one of claims 1 to 3, 
the radio reception apparatus comprising: 

25 

amplitijde modulation signal reception means 
(1 1) for receiving an annptitude modulation sig- 
nal: and 

control means (16) for, upon reception of an 
amplitude modulation signal by the amplitude 30 
modulation signal reception means (11), con- 
trolling the liquid crystal display device to halt 
the application of a voltage to the first liquid 
crystal display section (1 a) so that only the sec- 
ond liquid crystal display section (lb) is ena- 35 
k)led to execute display, while a reception band 
name, a reception frequency band, or the like 
are displayed on the second liquid crystal dis- 
play section (lb). 

40 
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